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(57) Abstract: The apparatus for production of mixtures from two compo- 
nents has a container for each and devices to combine the components in the 
mixing space and for extrusion of the mixture. The powdered component (4) 
is situated in the lower part of the inner space (21), which is sealed by a boi- 
tom (10). This carries a nozzle (2) with closure membrane (3). The inner 
space (21) is closed on the top by the lower wall (6) and the sliding seal (8). 
The liquid component (9) is simated in the inner space ( 1 8) of the inner hol- 
low cylinder (5). This is closed on the top by the upper wali (1 1). The lower 
and upper wall (6) and (11) each have an opening with sealing lips (7) and 
(12) that are closed by parts of the mixing rod (15). A torus (20). a section 
with smaller diameter ( 19), a mixing disk (22). as well as a mandrel (24), are 
present on the lower part of the mixing rod (15). 
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APPARATUS AND METHODS FOR MIXING TWO COMPONENTS 

CROSS-REFERENCES TO RELATED APPUCATIONS 

[0001 J This ^pUcation claims priority from Gennan Patent Application No. 102 42 984.7, 
filed on September 1 0. 2002. the foil disclosure of which is incorporated herein by reference! 

BACKGROUND OF THE INVENTION 

f®'^^! 1- Md of the Invention. The present invention relates generaUy to medical 
apparatus and methods and more particularly to devices and methods for mixing components 
prior to delivery of the mixed components to an anatomical site. 

[0003] It is frequently desirable or necessary to mix components of a medical preparation 
together immediately prior to use. It is also desirable to mix components m single use 
batches, to assure consistency in the delivery of the combined components. Compositions 
such as bone fillers, bone cements, medical adhesives, dental adhesives. and the like, often 
rely on mixing syringes combining components and subsequently deUvering the combined 
conqronoits to the desired anatomical location. Frequently, the mixing syringes or other 
apparatus are also used for storing and maintaining sterility of the components for extended 
periods prior to the time when fliey are to be used. 

[00041 To be successful, such storage and mixing apparatus should meet a number of 
objectives. First, the apparatus must store the separate components in a manner that provides 
complete isolation prior to mixing. Once it is desired to mix the components, however, 
mixing must be rapid, thorough, and require minimum effort by the user. Many prior art 
devices rely on shaking or vibrating the mixing syringe or other container to achieve adequate 
mixing of the components. Shaking or vibration, however, seldom achieves complete mixing 
and can compromise the design of the syringe. Moreover, such devices frequenUy require 
extfflnal mixing systems which can be expensive and inconvenient to use. 

[0005] For these reasons, it would be'desirable to provide improved mixing syringes and 
other q)paratus for combining and mixing components of medical and dental compositions 
prior to use in single use batches. It would be further desirable if such mixing syringes and 
apparatus were also useful for directly or indirectly delivering the combined and mixed 
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materials to flie anatomical site of interest. Such mixing syringes and apparatus should be 
relatively inexpensive to produce, should provide complete and reliable isolation of flie 
components to be mixed prior to use. should be suitable for both Uquid-powder and Hquid- 
liquid mixes, should be relatively simple to use, and should provide precise and accurate 
dehvery of the mixed compositions. At least some of these objectives will be met by the 
inventions described herein below. 

^^^^ 2. Description of Background Art TTS ^ 7^0 0/i7 ttc i /cq/i i ,f j^-^^bc a 
syringe (con^jarable to an injection syringe without needle) that contains a sealed Uquid 
reservoir for first component on one end. The space to accommodate the second component 
is hennetically separated from this Uquid reservoir. To produce the mixture, the seal is 
perforated so that separation of the two components is eliminated (the syringe is activated). 



[0007] GB 2239818 describes mixing apparatus that contains no integrated mechanical 
mixing device. After combining of the two components, this apparatus must be shaken for 
mixing. There is a hazard fliat a homogeneous mixture wiU not be produced, especially since 
15 it is difficult to mix viscous matraial systems by shaking. The two containers to 

accommodate the two components are sealed relative to each other by means of amembrane 
which is difficult and costly to fabricate. 

[0008] US 4,551,135 describes a mixing device for extrusion of two different components 
vrbBK the device includes two vessels which must be separated for storage of the two 
20 components before extrusion. 

[0009] US 3,756.571 describes an ^paratus that requires an, ejqjeasive, external shaking or 
mixing device for homogeneous mixing of two components! Hie container to accommodate 
the Uquid component is not suitable for extrusion of the finished mixture. A seal (film) 
provides separation of the two componeaots (powder and liquid) in the two vessels. 

[0010] US 3,828,434 describes a mixing capsule in which homogeneous mixing of two 
components is provided by an external shaking device, 

[0011] BP 0 245 788 Al describes an apparatus indudmg two containers to accommodate 
the two components. The containers are hemieticaUy sealed fiom each other, and the 
apparatus requires an extonal miying device. 
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10012] EP 0 397 589 Al describes an apparatus where a first component (liquid) is 
conveyed by means of a pressure difference between a first container holding the Hquid to a 
second container holding a second component (powder). The container for the liquid is 
sealed relative to the other containers. 

5 10013] US3.831,742.US 3.917,062andUS4.084.320describeanapparatuswhich . 
requires an external mixing device. 

[0014] EP 0 380 867 Al describes an apparatus intended for mixing of bone cements using 
partial vacuum. One container must be coupled to another container. The two containers are 
therefore not integrated in a common enclosure. 

10 [0O15J US 5,058,770 describes an apparatus with two containers that contain the two 
components to be mixed. The containers must be screwed together first before the mixing 
process. The vessel containing the Uquid is closed by a membrane that must be perforated for 
mixing of the two conoponents. 
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BRIEF SUMMARY OF THE INVENTION 
[0016] The prescait invention in its various aspects and embodiments, as described in detail 
below, can provide the following improvements and benefits over prior mixing syringes and 
systems, either individuaUy or in combination. For example, the mixing syringes and 
^aratus of the present invention can provide for the complete separation of two components 
in a device which is suitable for both storage and for subsequent delivery of the combined 
components. Ih aprefeired design, amixing syringe accoiding to the present invention 
aUows for simple release of a liquid component into a powder or other second component by 
gravity upon opening of a flow path within the apparatus. Tbo invention can fiirther provide 
for on-board mixing of the combined conq)onents using an integral mixing inclement in the 
apparatus. In a particularly prefened design, the mixing implement also fonns part of the 
release mechanism which opens a flow path for the Uquid. The mixing syringes and 
apparatus can also provide for the precisely metered deUvery of the combined and mixed 
components, preferably using a piston which in the exemplary embodiments is used to hold 
the liquid component prior to combination. 

[0017] In a first aspect of the present invention, a mixing syringe or other delivery 
apparatus comprises a syringe barrel, a plunger, and a mixing rod. The syringe barrel has a 
hoUow interior and an outlet nozzle at its lower end. The hoUow interior wiU be suitable for 
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holding the second component to be mixed, typically a powder. The powder may consist of 
bone filler materials such as autograft or allograft bone graft tissue, granulated bone material 
harvested from coral, demineralized bone matrix, calcium phosphate compositions or 
poly(methyl methacrylate) cement. The plunger also has a hollow interior and is 
5 reciprocatably disposed in the hollow interior of the syringe barrel. The hollow interior of the 
plunger is suitable for holding the liqiiid component prior to mixture with the powder or other 
second component. The liquid component may consist of a buffered aqueous solution, 
glycerol or methyl methacrylate monomer. The mixing rod is also reciprocatably disposed in 
the hollow interior of the syringe barrel and has a mixing element at its lower end. The 
10 mixing element is adapted to mix the combined liquid component and second component in 
the hollow interior of the syringe bairel upon reciprocation of flie mixing rod, either axial 
reciprocation, rotational reciprocation, or both. 

[0018] As a particular advantage of the present invention, the plunger and the mixing rod 
are adjqjted to have a first relative position where the hollow interiors of the syringe barrel 

15 and the plimger are sealed fiom each other. Thus, the liquid and second component to be 
mixed may be held and stored for prolonged periods of days, weeks, months, or longer in the 
mixing syringe while the plunger and mixing rod remain in their first relative position. The 
liquid may be released into the hoUow interior of the mixing syringe, however, by moving the 
plunger and the mixing rod to a second relative position where the hollow interiors are in 

20 fluid communication. In the exemplary embodiments, the mixing rod will be advanced 

axially relative to a bottom wall of the plunger, opening a flow path between their respective 
hollow interiors. It will be appreciated, however, that such a flow path could be opened in a 
number of other ways, including relative rotation of the mixing rod and the plunger, e,g., to 
align holes or other passages in the mixing rod assembly with holes or passages in the bottom 

25 wall of the plunger. 

[0019] Optionally, the mixing syringe fiulher includes a sealing cylinder that may be 
inserted into the hollow interior of the plunger to cover, isolate, and seal the liquid 
component which has been introduced to the hollow interior. Usxially, the sealing cylinder 
will include at least one sliding seal, typically an O-ring, near its bottom and to provide a 
30 hermetic seal over the liquid-filled chamber which is created in the lower end of the plunger 
interior. Further preferably, the sealing cylinder and plunger wiU have a locking mechanism 
to hold the cylinder in place within the plunger after it has been inserted to a desired position. 
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(0020J fc«seoondaspe<.ofthepreseatmveation.amethodforrnixingali^^^ 
. and a second component annprises providing the second component, which may be a Uquid. 

soUd.b«twaiusuaUybeapowder.atthebottomofahoUowinteriorofasyringeba,rel A 
hquid component is provided at the bottom of a hoUow interior of a plunger. The Uquid is 
5 released fiom the ptoger to combine with the second component in the syringe barrel by 
movmg a mixing rod relative to the plunger. Hre mixing rod is then reciprocated, either 
axiaUy. rotationaUy. or both, to mix the liquid component and the second component 
together. UsuaUy. after adequate mixing, the plunger is advanced to extrude the mixed 
component from the syringe barrel through a nozzle or other outlet to a desired target site In 
10 a partcularly preferred example, the liquid component and second component are combined 

toformabonecementorfiUe,andthemixedcompositionisdeHveredtoata.getbor.e.such 
as the interior of a vertebral body, 

f0021] Theliquidcomponentcanbereleasedfromtheinterioroftheplungertotheinterior 
of the syrmgebodyto combine with the second component inavariety of ways. In the 
1 5 exemplary embodiments, the mixing rod has a first position relative to the plunger where the 

mmngi^dblocks or closesaflowpath between the hollow interior of theplunger and the 
hoUowmteriorofthesyringebarrel. Bymoving the mixing rod. either axially.iotationally 
or some combination thereof, the flow path becomes mrblocked to allow liquid flow 
typKallybygravity. m a particular embodiment, the mixing rod has an amxular depression 
20 ^^'l^^chahgnswithapassageinabottomwaUoftheplungertoopentheliquidflowpath In 
other embodmients.thepassage may be closed by sliding seals. such asO-rings. where 

drsplacement of the sHdingseals fiom thepassagepemutssufficimt space forthe liquid to 
flow mto the syringe barrel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0022] Rg lisacross-sectionalviewofafirstembodim'entofamixingsyringe 
constructed in accordance witfaprinciples of the present invention. 

(0023] R8S-2-SiUustrateuseofthemixingsyringeofFig. Iforcombiningandmixinga 
hqmd component and powder component and subsequently deHvering the combined and 
mixed componoits to a target site. 
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controDeddeliveryofthecombmedsubstanceafternuxing. 

I0025J Fig. 7 illustrate, a third embodiment of the apparatus of the present invention 

havmgaratchet mechanism foradvancingaplungerrelative to the syringe b^^^ 

[00261 ^•^^•Il'^stratesafourthembodimentoftheappar.tusofthepresentinv™^^^ 

hav^asealmechanismforcontainingaliquidcomponentintheplungerpriorto^ 
into the synnge body. 

DETAILED DESCRIPTION OF THE lIA/ENTrON 
(0027] n.e apparatus according to the invention consists of three main components 

Add.txonalcomponents that are explained later beiongto the embodim^tofthem^^^^ 
A.out«hollowcylinder.closedonits,owerendincludesabottom provided wi* 
fromwhad.thefini.hedmixtureem.gesduringe.trusion. Between an internal space or 
2-ofthenozzIeandthehonowcyKnder.aclosuremembraneis found ^ti^^ 

nghtbefi«extr«s»aAlteri^tively.thenozzlemaybecIosedrelativetoa^ 
membrane with a stopper. 

[0028] ;n.eouterhollowcyhnderservesasve.e,forholdingthepowd^cOn^nentof 
thema.enalsystem(powdercontainer).whichissituatedinitslowerregionorvol^^^ This 
lowreg^^noftheouterholIowcyUnderalsoservesasmixingspace. n.e mixing space 

mayhaveavolume of approximately 70ml. Of course, other size mixing ^acescouldbe 
usedd^g^onthevolumeofthematerialstobemixedandthesizeoft^^ 
anddiskandrelatedcomponents. Hae volume ofpowdered component may range from 
api»oxm«^lyl0mlto60ml. withan exemplary volumeofapproximatelyaOmL^ 

volumeofthehquidcon^onentmayrangefix»appr.ximately5mlto30ml.withaa 
exemplary volumeof approximately 15ml. Oaitsupperend.^^ 

.eludes anamaularfhmgethatfeciKtatesopen^on. for example^ 

process. 

(0029, AiiirmerholloweylinderiscIosedonitslowerendwithalowerwaUandonits 
upp^^dwithanupper,^. An ammlar flange is also provided as part of the upp^waU 
andfac^htates extrusion. Ilae space enclosedbetweenthetwo walls 
and serves to accommodate the liquid component 
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[0030] This inner hollow cylinder is inserted into the upper part of the outer hollow 
cylinder and has an outside diameter that is only slightly smaller than the inside diameter of 
the outer hollow cylinder A sliding seal is situated on the outer periphery of the inner hollow 
cylinder. This is arranged in the region of its lower end in the vicinity of the lower wall and 
is sealed against the inner wall of the out^ hollow cylinder. The inner hollow cylinder with 
its sliding seal therefore acts as a plunger or piston in the outer hoUow cylinder and is used 
for extmsion of the finished mixture. As described hereinbelow, the outer hollow cylinder is 
sometimes referred to as a syringe body and the inner hollow cylinder as a plunger 

[0031] The powder container or volume in the mterior of the outer hollow cyUnder is 
bordered on its upper side by the lower wall of the inner hollow cylinder or plunger. The 
lower wall has a central opening that has a sealing lip and, together with the lower end of a 
mixing rod (described below), forms a valve. This valve can be opened downward by axial 
displacement of the mixing rod. This closes the central opening m the raised position, 
whereas it exposes an annular g^ in the lowered position, since a section of the mixing rod is 
then situated in the region of the central opening, which has a smaller diameter than it. 

[0032] The upper wall of the inner hollow cylinder also has a central passage or opening 
with a sealing lip through which the mixmg rod is passed so that the rod can be axially 
reciprocated and/or rotated about its axis. The rod is sealed against the seaHng lip, so that no 
hquid can emerge. 

[0033] The mixing rod has a larger diameter m its upper and lower regions which are 
dimensioned so that they seal against the sealing hps of the upper and lower wall of the mner 
hollow cylinder. Between the larger diameter regions, the mixing rod has a significantly 
smaller diameter over a short length. Thus, axial adjustment of the mixing rod to align its 
small diameter region within the opening or passage in the lower wall of the inner cylinder or 
plunger opens a flow path for the hquid thus acting as a valve to release the liquid component 
into the powder component. 

[0034] hi the region of the mixing rod just above the smaller diameter region, a torus is 
situated on the larger diameter region, dimensioned so that it can be pushed through the 
sealing lip. The user feels a distinct resistance which indicates that the mixing rod has been 
readied for mixmg, as will now be described. 

[0035] The mixing rod has a mixing disk on its lower end. The mixing rod is dimensioned 
so that tile layered components can be mixed homogeneously with each other after opening of 
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the valve. To improve the mixing result, the mixing disk is provided with perforations and 
optionally nubs, bumps, or other surface features. The mixing rod is axially reciprocated 
and/or rotationally oscillated to provide mixing. On its lower end, the mixing rod is equipped 
with a flange plate that serves as an operating element and facilitates operation, for example, 
S during the mixing process. 

[0036] Methods according to the present invention will now be described. The following 
discussion is directed specifically at combining and mixing a "liquid compon^t" with a 
"powdered component". The q)paratus and methods according to the invention, however, are 
useful for combining a liquid component stored in the iimer cylinder/plunger with any other 
10 type of component(s) stored in the mixing volume, including liquid components, viscous 
components, pasty components, solid con^onents, etc. 

[0037] The outer and irmer hollow cylinders are separated firom each other by pulling q>art, 
and a pre-selected amount of the powdered coniponent is filled into the lower region of the 
outer hollow cylinder (syringe body). The irmer hollow cylinder (plunger) is then rotated 

1 5 upward, and the mixing rod is pushed until the valve is opened. The liquid component is then 
filled into the inner hollow cylinder flarough the open valve, eliminating the need for a costly 
seal. After closure of the valve, the irmor hollow cylinder (plunger) is inserted into the outer 
hollow cylinder (syringe body) up to a mark to leave a mmng space of a predetemuned 
volume. The apparatus is ready for operation but will usually be sealed into an airtight 

20 plastic enclosure or other suitable package for transport and storage. The package is 
preferably sterilized, typically with ionizing radiation. 

[0038] The user opens the package and removes the ^paratus according to the invention. 
The user holds it with the nozzle downward and pushes the mixing rod until the valve is 
opened. This is noticeable in that the mixing rod can be moved more easily with the valve 
25 opened. Visual confirmation of opening is usuaUy also possible, since the outer hollow 
cylinder is preferably made from a transparent plastic, such as a polycarbonate, 
polypropylene, polyethylene, polyurethane, polyolefin, nylon or other suitable material. 

[0039] When the liquid component has flowed completely from the liquid container into 
the powder container filled with the powdered component, the mixing rod is reciprocated 
30 back and forth in oscillating fashion for mixing. Backflow of the mixture into the liquid 
container, in which the liquid component was previously found, is not possible, since the 
valve is closed again, since the large diameter upper region of the mixing rod when it is 
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situated in the passage in the lower weU of the inner cylinder when the mixing rod is in the 
mixing position, la order for tiie valve not to be inadveatently opened during the mixing 
process, flie mentioned torus is present This forms a distinct resistance during displacement 
of the mixing rod when it strikes against the sealing lips, so that the user realizes that he must 
5 reverse the movement. This design thus avoids the need for a costly external mixing device. 

(0040J After homogeneous mixing of tiie two components, the mixing rod is fiilly lowered 
and, by vigorous final pushing, the closure membrane is perforated with the tip of the mixing 
rod. Hie mixing rod is thrai pulled upward to the stop. The torus then passes the sealing lip 
and the valve is briefly opened and then closed again. 

10 [0041J The qjparatus according to the invention is then held verticaUy with the nozzle 

pointed downward and is ready for extrusion of the finished mixture. For extrusion, tie inner 
hollow cylinder (plunger), is pushed downwardly into the outer cylinder (syringe body). The 
mixture emerges throu^ the perforated membrane and nozzle. The design is simplified and 
the cost reduced because of flie dual fimction of the inner hoUow cylinder for both Uquid 

15 containment and as a plungra:. 

[0042] The apparatus according to the invention will usually be used manually, and 
optionally may employ a powered or hand-operated press, with which the inner hoUow 
cylinder Cplunger) is mechanically advanced into the outer hollow cylinder. Such presses are 
known in construction for forcing out viscous construction materials and are not an object of 
20 the present invention. 

[0043] The ^paratus according to the invention is explained below by means of examples 
and a total of 8 figures, having the following content 

[0044] Referring now to Fig. 1, the outer hoUow cylinder 1 is closed on its lower end with a 
bottom 10 that is connected to a nozzle 2 that is closed by means of a closure membrane 3 
25 relative to the internal space of the outer hollow cylinder 1. The powdered conq)onent 4 is 
situated in the Iowct region of the outer hollow cylinder 1. 

[0045] The powder container for storage of the powdered component 4 is formed by the 
inner space 21 of the outer hollow cylinder 1, which is bounded by the cylinder waU and the 
bottom 10 in the lower region and the inner hollow cyUnder 5 acting as piston in the upper 
30 region. 
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[0046] An amular flange 14» whose outside diameter is much greater than the outside 
diameter of the outer hollow cylinder 1, is arranged on the upper end of the outer hollow 
cylinder 1. This annular flange 14 facilitates handling of the apparatus according to the 
invention, especially during extrusion of the finished mixture. 

5 [0047] The imer hollow cylinder S is arrange axially displaceable in the upper region of 
the outer hollow cylinder 1, which is sealed on its lower end firom the lower wall 6, which is 
provided in its center with an opening having a sealing lip 7. Since the inner hollow 
cylinder 5 during ^trusion of the finished mixture assumes the function of a piston, it is 
sealed relative to the inner wall of the outer hollow cylinder 1 by means of a sliding seal 8. 
10 The liquid component 9 is stored in the lower region of the inner hollow cylinder 5. 

[0048] In its upper region, the inner hollow cylinder 5 is bounded by an upper waU 1 1 that 
has an opening with a sealing lip 12 in its center. The upper wall 1 1 is connected to an 
annular flange 13, whose outside diameter is much greater than the outside diameter of the 
inner hollow cylinder 5. 

15 [0049] The liquid container for storage of the liquid components 9 is formed by an inner 
space 18 of inner hollow cylinder 5, bounded by the cylinder wall, as well as the lower wall 6 
and the upper wall 1 1. 

[0050] A mixing rod 15 is arranged concentrically in the inner space of inner hollow 
cylinder 5, which is equipped on its upper end with a flange plate 16 that serves as operating 
20 element The mixing process is therefore facilitated for the operator. The larger diameter 17 
of the mixing rod 15 is dimensioned both in the upper and lower region, so that the mixing 
rod 15, in cooperation with the two sealing hps 7 and 12, guarantees reliable sealing of the 
inner space 18. The mixing rod 15 has a smaller diameter 19 in a partial region in the lower 
region. 

25 [0051] The lower part of the mixing rod 1 5 with the larger diameter 1 7 and the smaller 
diameter 19, together with the sealing lip 7, forms a valve that can be opened and closed by 
axial displacement of the mixing rod 15. The valve is closed when the mixing rod 15 is 
pushed fully upward and its partial region is sealed against sealing Up 7 with the larger 
diameter. It is opened when the mixing rod 15 is pushed somewhat downward, and its partial 

30 region with the smaller diameter 1 9 is situated in the region of sealing lip 7. 
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[0052] Above the region with the smaller diameter 19, the mixing rodlS has a torus 20, 
whose outside diameter is dimensioned so that it can be pushed through the sealing lip 7, but 
a distinct resistance is then' noticeable. 

[0053] On its lower end, the mixing rod is connected to a mixing disk 22, having 
openings 23 that serve to achieve better mixing effect. A mandrel 24 is situated beneath the 
mixing disk 22, which serves to perforate the closure membrane 3 when the mixing process is 
ended and the mixture is to be extruded. 

[0054] Operation of the device of Fig. 1 will be described with reference to Figs. 2-5. 
Fig. 2 shows the apparatus in the storage transport state, filled with the powdered component 
4 and the liquid component 9, In order to prevent undesired displacement of the internal 
hollow cyUnder 5 relative to the outer hollow cylinder 1, a removable spacer 25 is arranged 
betwem the annular flanges 13 and 14. 

[0055] Fig. 3 shows the apparatus according to the invention with the opened valve in the 
vertical position and with the nozzle 2 downward. For opening of the valve, mixing rod 15 is 
pushed downward by pressing on its flange plate 16 until its partial region with the smaller 
diameter 19 is situated in the region of sealing lip 7. The spacer 25 then prevents the inner 
hollow cylinder 5 from being pushed in undesired fashion. The liquid component 9 can now 
flow by gravity into the inner space 21 of the outer hollow cylinder 1. 

[0056] Fig. 4 shows the ^paratus during the mixing process. By further pressing on flange 
plate 16 of mixing rod 15, this is initially pushed further downward, in which case the torus 
20 has passed the sealing lip 7. The valve between the inner space 18 of the inner hoOow 
cylinder 5 and the inner space 21 of the outer hollow cylinder 1 is closed again, since the 
partial section with the larger diameter 17 is again situated in the region of sealing lip 7. The 
closed valve prevents part of the mixture from flowing in undesired fashion from the inner 
space 21 serving as mixing space into the empty inner space 18. 

[0057] By further final pushing, the mixing rod 22 is finally pushed into the material 26. 
By oscillating back and forth movement of mixing rod 15, homogeneous mixing of the two 
components then occurs. During the mixing process, this is forced through the openings 23. 
The mixing process is accelerated by the turbulences and eddies that are then formed. 
Undesired displacement of the inner hollow cyhnder 5 relative to the outer hollow cylinder 1 
is also avoided during the mixing process by the spacer 25. 
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(0058] Fig. 5 shows the apparatus during extrusion of the finished mixture jfrom the two 
components. To initiate this process, the mixing rod 15 is initially pushed fiiUy downward 
until its mandrel 24 reaches the closure membrane 3 and perforates it by final pushing. The 
mixing rod 15 is then pulled upward to the stop, in which its partial region with the larger 
diameter 1 7 is again situated in flie region of the sealing lip 7. The valve between the inner 
hollow cylinder 5 and the outer hollow cylinder 1 is therefore closed again. This prevents the 
finished mixture &om flowing in undesired fashion fi-om the inner space 21 into the inner 
space 18 during extrusion. 

[0059] After removal of the spacer 25, extrusion can be carried out by pressing on the 
annular flange 13 of Bie inner hollow cylinder 5. The inner hollow cylinder 5 with its lower 
wall 6 and sliding seal 8 then assumes the function of a piston. For more convenient 
handling, the user can support his fingers on the annular flange 14 of the outer hollow 
cylinder 1 . To the extent that the inner hollow cylinder 5 is pushed downward, the finished 
mixture 27 emerges &om the nozzle 2. 

[0060] Fig. 6 shows the jpparatus according to the invention in a variant that has a toead 
between the outer ptxiphsry of the inner hollow cylinder 5 and the inner periphery of the 
outer hollow cylinder 1. For this puipose, the imier hollow cylinder 5 is provided with an 
outside thread 28 and the outer hollow cylinder 1 with an inside fliread 29. This thread 
facilitates finely metered extrusion significantly, since, by rotating the inner hollow cylinder 
5 relative to the outer hollow cylinder 1, very fine advance movements (stroke movements) 
can be executed. To increase handling capability, a knurling 30 is present both on the annular 
flange 13 and on annular flange 14. The sliding seal 8, which, in this variant, is inserted into 
an annular groove 37 on the inside periphery of the outer hollow cylinder 1, ensures sealing. 

[0061] Fig. 7 shows the apparatus according to the invention in a variant equipped with a 
ratchet-advance device. This device also serves to facilitate finely metered extrusion. 

[0062] The ratchet advance device is attached with its operating part 31 on the annular 
flange 14 of the outer hollow cylinder 1. This is designed as follows: the connection part 32 
is connected on the left side of the annular flange 14 firmly to it and carries two spring 
elements 33, One of the two spring elements 33 cannot be seen in Fig. 7, since it is airanged 
symmetric to the plane of the drawing and therefore lies in firont of the plane of the drawing 
in the sectional view. The two spring elements 33 are connected on the right side to each 
other with an operating element 34. This carries on its bottom a detent 35 that engages into 
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toothing 36 on the right outside ofthe inner hoUow cylinder 5, when the operating element 34 
is pushed downward. 

[0063] For extrusion, the user presses on the operating element 34, in which case he 
supports his hand on the annular flange 14. The spring element 33 is bent downward by the 
force exerting in this case, so that the operating dement 34 with the detent 35 is also moved 
downward. The detent 35 is moved on a circular trajectory with an axial and a radial 
movement component (the latter in the direction ofthe longitudinal axis of the apparahis). 
[0064J By this radial movement component, the detent 35 engages in the toothing 36 and 
moves this a bit m the axial direcUon. Hie detent 35 is designed so that it takes up the radial 
movement component by elastic bending. After release ofthe operating element 34, the 
spring element 33 assmnes its original position again and the next advance movement can be 
initiated by pressing on the operating element 34. Finely metered extrusion ofthe finished 
mixture is therefore possible with particular convenience. 

[0065] A fourth embodiment of a mixing syringe 50 constmcted inaccoriance with the 
principles ofthe present invention is illustrated in Fig. 8. The mixing syringe 50 comprises a 
syringe body or barrel 52 in the form of a hollow cylinder, a plunger 54. also in the form of a 
faoUow cylinder, having threads 56 fonned over an upper portion thereof The threads 56 
engage mating threads 58 within an i9)per portion ofthe syringe body in a mamier similar to 
thatdescribedincQmiectionwiththeembodimentofFig.6above. Preferably, the threads 

haveamulti-start configuration that wiU advance theplmiger more rapidly thanasingle lead 
thread. A slidmg seal in the fbmi of an 0-ring 60 is received in a slot 62 formed at the lower 
endoftheplunger54. The seal 60 engages an imier surface 64 ofthe hollow interior ofthe 
syringe body 52 to seal amixing volmne 66 at its lower end which contains apowder P or 
other second substance to be mixed. 

(0066J A sealmg cylinder 70 is slidingly received in the hollow interior of the plunger 54. 

AsUding seal 72 typically in the form of an 0-ring is received inaslot74at the lower end of 
the sealmg cylinder 70 to seal agaimit the interior surfiice 76 of the sealing cylinder. TTius, a 
sealed volume 78 which holds the hquid L to be mixed is formed at the bottom ofthe mterior 
ofthe plunger 54. 

[00671 A mixing rod 80 is sUdably received in the interiors of the syringe body 52 and the 
plunger 54, and passes through a first opening or passage 80 in the bottom ofthe sealing 
cylinder70 andasecond passage 82mthe bottom of the plunger 54. nie mixing rod 80 is 
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formed in two pieces, including an upper portion 84 and a lower portioii 86 joined by a snap- 
lock connector 88. which facilitates assembly of the unit prior to use. as described in more 

detail below. Alower seal 90 and an upper seal 92 arepositioned in slots on the mixing rod 
which are aUgned with the passages 82 and 80. respectively, when the mixing rod 80 is drawn 
upwardly, as shown in Fig. 8. A mixing disk 94 is attached at the lower end of the mixing 
rod 80 and includes both holes 96 and mixing nubs 98 to fecilitate combining the Uquid L and 
powerP, as will be described below inmoicdetail. A lower comiector 100 is formed at the 
bottom of the syringe body 52 and is covered by a cq, 1 02 or otherwise plugged prior to use 
of the device. 



10068] ThemixingsyringeSOmaybeusedasfoW ITie lower portion 86 of the mixing 
rod 80 including the mixing disk 94 is placed through the bottom passage 82 of the 
plunger 54 so that sliding seal (usually an 0-ring) i 04 forms a hermetic seal in the passage. 
With the open end of the plunger 54 pointed upwardly, the liquid L to be mixed is poured 
into the hollow interior of the plmiger 50. While continuing to hold the phmger in an upright 
position, the sealing cylinder 70 is inserted into the interior of the phmger and locked in place 
by locking element 1 06, typically a resilient tab on the sealing cylinder which mates in a 

corresponding slotin the wall of theplunger. The upper portion 84 ofthe mixing rod 80 is 
then inserted into the interior of the sealing cylinder 70 and snapped mto place onto the lower 

portion 86. The sealed volmne 78 may then be purgedof excess air pressure bymomentarily 
disengaging the slidmg seal 72 to equalize pressure between the sealed volmne 78 and the 

atmosphere. Alternatively, a one-way air purging valve may also be used. Thecapl02or 
olherplugisthenpIacedovertheluerfittinglOOifitisnotalreadymplace. ThepowderP 
may then be introduced into the interior of the syringe body 52 so that it coUectsatits lower 
end,asshowninFig.8. n»e phmger 56 may then be screwed into place, leaving the mixing 
disk94locatedabovethepowderPinthemixingvoIume66. Excess air pressure in the 
chamber 66 may be relieved by tmrnng the mixmg syringe 50 up-side-down and momentarily 
openmg the cap 102 or other plug to release excess air. 

[0069] Mixing the Uquid L and powder P is perfomied by first pushing the mixing rod 80 
down so that an amnilar depression 110 in the lower portion 86 becomes aligned with the 

passage 82 in the lower surface oftheplunger 54. The amiulardepressionllOleavesagap 
through which the liquid is released by gravity into the mixing volmne 66 where it combines 

with the powderP. The mixing rod may then be axiany reciprocated and/or rotated about its 
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axis within the mixing volume 66 to mix together the liquid and powder until a desired 
consistency is reached. 

[0070] After mixing together of the liquid L and powder P is completed, the mixing rod 80 
may be drawn upwardly to retum to the position ilhistrated in Fig. 8. In that position, the 
volume 66 is sealed from &e remainder of the syringe by sliding seals 60 and 104. Air can 
again be removed from volume 66 by turning the syringe upwardly, remove the cap 102 or 
other luer plug, and advance the plunger 54, by rotating the plunger, xmtil the mixture reaches 
&e tip of the luer fitting 100. The luer may be comiected to any instrum^t of choice, or may 
be used to directly spply the mixed material to a target site of interest. Material is delivered 
by rotating the plunger, achieving precise and controllable delivery. 
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1 1 . A mixing syringe comprising: 

2 a syringe barrel having a hollow interior and an outlet nozzle at a lower end; 

3 a plunger having a hollow interior reciprocatably disposed in the hollow 

4 interior of the syringe barrel; 

5 a mixing rod reciprocatably disposed in the hollow interior of the syringe 

6 barrel and having a mixing element at its lower end which is adapted to mix material in the 

7 hollow interior of the syringe barrel upon reciprocation of the mixing rod; 

8 said plunger and mixing rod having a first relative position wherein the hollow 

9 interiors of the syringe barrel and of the plunger are sealed fiom each other and a second 
10 relative position wherein the hollow interiors are in fluid communicatioiL 

1 2. A mixing syringe as in claim 1, further comprising a frangible seal 

2 over the nozzle and a mandrel coupled to the mixing rod or plimger for blocking the seal. • 

1 3. A mixing syringe as in claim 1, wherein the niixiiig disk has openings 

2 ^ to enhance mixing. 

1 4. A mixing syringe as in claim 1 , wharein the mixing rod is coaxially 

2 disposed through a passage in a bottom well of the plunger. 

1 5. A mixing syringe as in claim 4, wherein the mixing rod seals against 

2 the passage in the first relative position but not in the second relative position. 

1 6. A mixing syringe as in claim 1 , further comprising a sealing cylind^ 

2 disposed in the hollow interior of the plunger. 

1 7 . A mixing syringe as in claim 6, wherein the mixing rod is disposed 

2 through coaxially aligned passages on the plunger and the scaling cylinder. 

1 8. A mixing syringe as in claim 7, further comprising sliding seals on the 

2 mixing rod which are positioned to seal against the passages on the plunger and sealing 

3 cylinder when in the first relative position but do not seal when in the second relative 

4 position, 
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1 ' 9. A method for mixing a liquid and a second component, said method 

2 comprising: 

3 providing the second component at the bottom of a hollow interior of a syringe 

4 barrel; 

5 providing the liquid component at the bottom of a hollow interior of a plunger; 

6 moving a niixing rod relative to the plmiger to release the liquid from the 

7 plunger into the second component in the syringe barrel by gravity; and 

8 reciprocating the mixing rod to mix the liquid component of the second 

9 component together. 

1 1 0. A method as in claim 9, wherein moving the mixing rod comprises 

2 axially advancing the mixing rod relative to the plunger to open a liquid flow path between 

3 the hollow interior of the plunger and the hollow interior of the syringe barrel. 

^ 11. A method as in claim 10, wherein the mixing rod has an annular 

2 depression wMchaHgns with a passage in a bottom well of the plunger to open the liquid 

3 flow path. 

1 12. A method as in claim 9, wherein the liquid is a liquid component of a 

2 bone cement and the second component is the powder component of a bone cement. 

1 13 . A method as in claim 12, wherein the powder component comprises a 

2 component selected from the group consisting of autograft bone material, granulated coral, 

3 demineralized bone matmal, calcium phosphate, and poly (methyl methacrylate) cement; and 

4 the liquid component comprises a component selected from the group consisting of a 

5 buffered aqueous solution, glycerol, and methyl methacrylate monomer. 

1 14. A method as in claim 9, wherein the lyiivinE rod is axially reciprocated. 

1 15. A method as in claim 9, wherein the mixing rod is rotationally 

2 reciprocated. 

1 16. A method as in claim 9, further comprising advancing the plunger to 

2 extmde the mixed components from the syringe bairel. 



17 



wo 2004/026377 



PCT/US2003/028440 



17. Apparatus for production of mixtures of two components with a 
container for one component (preferably liquid component) and a container for the other 
component (preferably powdered component), and with devices for combining the two 
components in a mixing space, and devices for extrusion of the finished mixture, 
characterized by the fact that the powdered coniponent 4 is situated in the lower part of the 
inner space 21 of the outer hollow cylinder 1, which is closed on its lower end with a 
bottom 10 that carries a nozzle 2 that is sealed relative to inner space 21 by means of a 
closure membrane 3, whereas the upper part of the inner space 21 is closed by the lower 
wall 6 of the inner hollow cylinder 5, in which a sliding seal 8 is present for the required 
sealing, and that the liquid component 9 is situated in the inner space 18 of the inner hollow 
cylinder 5, which is arranged like a piston in (he outer hollow cylinder 1 and is closed on its 
lower end by the lower wall 6, whereas its upper end is closed by the upper wall 1 1, and that 
the lower wall 6, as well as the upper wall 1 1, each have an opening with the sealing lip 7 and 
12 that are closed by those parts of the mixing rod 15 that have the larger diameter 17, and 
that on the lower part of the mixing rod 15 a torus 20, a section with smaller diameter 19, a 
mixing disk 22, as well as a mandrel 24 are present 

18. Apparatus according to claim 17, characterized by the fact that a 
plastic enclosure is present, in which the apparatus according to the invention is sealed 
airtight 

1 9. Apparatus according to any of claims 1 7 or 1 8, characterized by the 
fact that the outer hollow cylinder 1 has an annular flange 14, the inner hollow cylinder 5 has 
an annular flange 13 and the mixing rod 15 has a flange plate 16. 

20. Apparatus according to any of claims 17-19, characterized by the fact 
that openings 23 are present on the mixing disk 22. 

2 1 . Apparatus according to any of claims 1 7-20, characterized by the fact 
that a mandrel 24 is present on the lower end of the mixing rod 15. 

22. Apparatus according to any of claims 17-21, characterized by the fact 
that an inside thread 29 is present on the inside of the outer hollow cylinder 1 in the upper 
region, whereas an outside thread 28 is present on the outside of the inner hollow cylinder 5. 
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23. Apparatus according to any of claims 17-22, characterized by the fact 
that knurling 30 is present on the annular flanges 13 and 14. 

24. Apparatus according to any of claims 17-23» characterized by the fact 
that an annular groove (37) that acconmiodates the sliding seal 8 is situated on the inner 
periphery of outer hollow cylinder 1. 

25. Apparatus according to any of claims 17-24, characterized by the fact 
that an operating part 31 is present on the annular flange 14 of the outer hollow cylinder 1 
that consists of a connection part 32, a spring element 33, an operating element 34, as well as 
a.detent 35, and that toothing 36 is present on the outer periphery of the iimer hollow 
cylinder 5. 
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